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CAJ^LOGING  PREP 


INTRODUCTION 


Grass,  brush,  and  forest  fires  subject  the  upper  inches  of  soil 
to  intense  heat  for  short  intervals.    This  heat  causes  significant 
physical,  chemical,  and  biological  changes  in  the  soil,  litter,  and 
vegetation.    A  measure  of  heat  in  the  upper  soil  helps  to  explain  plant 
succession  and  soil  condition  associated  with  fire.     This  may  be  a 
difficult  measure  to  obtain.     Combustion  occurring  on  the  entire 
burned  area  influences  heat  transfer  at  any  particular  point  through 
conduction,  convection,  and  radiation.    Consequently,  temperature  data 
from  small  fires  or  from  the  perimeter  of  large  fires  fail  to  represent 
conditions  at  specific  points  within  large  burns.    Measuring  fire 
temperatures  within  a  large  burn  is  normally  a  difficult  and  expensive 
task. 

A  simple,  inexpensive  instrument  which  will  provide  such 
measurements  was  used  successfully  in  1952  by  the  authors  to  measure 
soil  temperatures  associated  with  recognizable  postfire  soil  surface 
conditions  (Bentley  and  Fenner,  1958 )„    The  pyrometer  can  be  further 
developed  and  adapted  to  different  uses  to  provide  better  understanding 
of  the  heat  input  variables  during  burning  and  the  associated  effects 
on  soil  and  vegetation. 

KINDS  OF  SOIL  TEMPERATURE  RECORDERS 


A  review  of  the  literature  showed  that  several  pyrometric 
devices  have  been  used  to  measure  soil  temperature  in  the  field  during 
fires:    thermocouples,  resistance  thermometers,  expansion  thermometers, 
and  fusible  compounds.     Other  temperature-measuring  instruments  such 


as  gas  thermometers,  optical  pyrometers,  liquid-filled  thermometers, 
radiation  pyrometers,  and  color  thermometers  have  been  found  unusable 
for  the  particular  measurements  or  have  not  been  tried. 

THERMOCOUPLES 

Thermocouples,  •which  sense  temperature  of  the  surrounding  medium 
by  generating  an  electric  current  in  a  bimetallic  junction,  are  buried 
in  the  soil  with  wires  carrying  the  current  to  a  galvanometric  recording 
apparatus  outside  the  area  being  burned.    Temperature  versus  time 
records  have  been  obtained  from  small  test  fires  or  from  the  perimeter 
of  large  fires  under  both  grass  and  brush  fuels  by  Craddock  and  Sampson 
(I9hk),  Heyward  (1938),  Burgy  and  Scott  (1952),  and  Korstian  (1927). 

The  technique  provides  valuable  information.     However,  the 
expensive  equipment,  time  for  installation,  and  the  problem  of  laying 
wires  make  it  difficult  to  obtain  the  large  number  of  readings  necessary 
to  sample  the  variability  in  brush  burns.     The  discrete  nature  of  the 
observations  makes  difficult  a  continuous  reading  throughout  the  soil 
profile.     The  size  and  shape  of  the  thermocouple  precludes  vertical 
alignment  of  temperature  sensing  units  within  the  profile.     The  size  and 
shape  of  the  thermocouple  precludes  vertical  alignment  of  temperature 
sensing  units  within  the  profile,  and  the  measurements  obtained  are  from 
different  profiles,  each  of  which  may  have  been  subjected  to  different 
surface  heat  inputs. 

Burgy  and  Scott  (1952)  exposed  multiple  thermocouple  units 
connected  in  parallel  in  the  surface  litter  and  soil,  obtaining  an 
average  temperature  measurement  for  a  given  area.     Readings  of  this 
kind  provide  valuable  data  on  the  average  intensity  and  duration  of 
heat  inputs  at  the  surface  for  different  fuel  conditions,  but  they  do 
not  reflect  environmental  variability  nor  provide  a  vertical  picture  of 
heat  penetration. 

RESISTANCE  THERMOMETERS 

Resistance    thermometers,  either  platinum  wire  or  thermistors, 
have  essentially  the  same  advantages  and  disadvantages  as  thermo- 
couples.   The  major  problem  is  the  complex  electrical  circuits  necessary 
for  their  operation. 

EXPANSION  THERMOMETERS 

Soil  temperatures  during  laboratory  fires  are  often  determined 
by  inserting  several  mercury  thermometers  into  the  soil  at  different 
depths.     Burgy  and  Scott  (1952),  Sweeny  (195>U),  and  Stone  and  Juhren 
(1951)  have  used  this  technique.     The  system  is  satisfactory  for  soil 
temperatures  below  1^00°  F.,  which  are  commonly  encountered  in  the 
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laboratory  where  radiation  and  convection  losses  are  high  and  heat  con- 
ducted into  the  soil  is  consequently  low.    Expansion  thermometers, 
however,  cannot  be  read  during  a  fire  under  field  conditions. 

Maximum  thermometers,  used  by  Korstian  (1927),  and  others,  are 
buried  in  the  soil  before  the  fire  and  excavated  later  to  record  the 
maximum  temperature  reached  at  a  specific  depth.     Many  thermometers  are 
required,  and  the  risk  of  breakage  by  handling  and  overheating  is  high. 
Vertical  stratification  of  the  readings  across  contact  surfaces  of 
litter  and  mulch  or  mulch  and  mineral  soil  is  difficult. 

Differential  expansion  thermometers,  which  utilize  a  bimetallic 
strip,  read  to  high  temperatures.    This  type  has  been  used  by  Sweeny 
(195k) ,  but  it  requires  direct  reading  and  is  therefore  suitable  only 
for  laboratory  type  fires. 

FUSION  PYROMETERS 

The  melting  point  of  specific  chemical  compounds  is  used  in 
fusion  pyrometers  to  indicate  maximum  temperature  reached  in  the 
surrounding  medium.    Melting  points  of  pure  compounds  are  very  precise, 
and  compounds  are  available  commercially  in  the  range  of  113°  F,  to 
2,000°  F. 

Pyrometric  or  Seegar  cones  used  in  ceramic  firing  are  not  dis- 
cussed here  as  they  respond  to  temperature  and  time  periods  which  are 
normally  higher  than  those  in  which  we  are  interested.  Fusible  plugs 
have  been  used  to  measure  temperatures  in  oil  wells. 

Beadle  (I9h0),  in  Australia,  buried  small  pill  boxes  at  depths 
of  1  to  1$  inches  in  the  soil  beneath  wildland  fires.     Each  box  con- 
tained glass  vials  of  chemicals  which  melted  at  different  temperatures, 
giving  him  the  maximum  temperature  reached  at  each  depth.  The 
disadvantage  of  this  method  is  that  it  provides  discrete  readings  of 
temperature  at  discrete  depth  intervals.     Its  advantage  lies  in 
simplicity  of  operation,  low  cost,  and  adaptability  to  field  conditions. 

Another  method  of  using  fusible  compounds  is  reported  here.  It 
consisted  of  inserting  continuous  strips  of  different  fusible  compounds 
vertically  into  the  soil.    Melting  temperatures  of  the  compounds 
varied  from  l^O0  F. — the  killing  temperature  for  protoplasm — up  to 
1,200°  F. --flame  temperature.     After  the  fire  the  depth  to  which  a 
strip  melted  indicated  the  deepest  penetration  of  the  particular 
temperature  front  associated  with  the  melting  point  of  that  chemical. 
This  technique  is  particularly  adaptable  to  the  problem  of  measuring 
temperature  penetration  in  the  surface  layer  of  the  soil  across 
litter-mineral  soil  interfaces.    The  technique  is  not  a  substitute  for 
other  methods.     But  it  provides  a  simple,  low-cost,  automatic  heat- 
sensing  instrument  to  supplement  other  devices  used  in  investigation 
of  wildland  fires. 
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DESIGN  AID  CONSTRUCTION 


The  pyrometer  (fig.  l)  is  a  thin  plate  made  from  ordinary  sheet 
mica  and  coated  with  strips  of  fusible  compound.     Cleavage  planes  permit 
splitting  the  mica  into  sheets  about  0.002  inch  thick.     The  plates  used 
in  the  first  instrument  were  2  l/2-inches  wide  by  2  3/h- inches  tall. 
The  width  and  depth  (height)  of  the  plate  will  depend  on  the  number  of 
temperature  strips  required  and  the  depth  to  which  readings  are  to  be 
taken. 

The  fusible  compounds  are  pure  organic  chemicals  dissolved  in  a 
volatile  solvent.    While  in  a  liquid  state  the  solution  is  painted  or 
printed  on  the  mica  plate  in  parallel  strips  about  l/10-inch  wide.  When 
the  solvent  evaporates,  strips  of  crystalline  solid  remain.    The  melting 
points  of  the  chemicals  used!/  in  the  original  instrument,  in  0  F.,  were: 

150,  200,  250,  350,  U5o,  550,  65o,  750,  950,  1,150. 

Several  methods  of  applying  fusible  chemicals  to  the  mica  have 
been  tried,  each  with  success  after  the  technique  was  mastered.  The 
chemical  is  dissolved  in  prepared  thinner  or  a  solvent  such  as  Toluene. 
The  solution  has  been  applied  with  an  eyedropper,  with  a  brush,  or  by 
printing  it  on  the  mica  with  the  edge  of  a  high- rag-content  card  of  the 
proper  size.    Each  compound  reacts  differently  and  considerable  care  is 
required  to  obtain  and  maintain  the  proper  consistency  for  each. 

The  fusible  strip  with  the  highest  melting  temperature  is  placed 
along  the  left  edge  of  the  mica  sheet  and  those  with  progressively 
lower  melting  temperatures  towards  the  right. 

The  plate  is  then  faced  with  a  sheet  of  asbestos  paper  l/32-inch 
thick.    The  smooth  side  of  the  asbestos  is  placed  facing  the  dry  chemicals 
on  the  mica  plate,  and  the  two  are  then  fastened  together  at  the  base 
with  wire  staples.    The  asbestos  serves  to  protect  the  chemicals,  support 
the  fragile  mica,  and  absorb  the  chemicals  when  they  melt.    The  assembled 
pryometer  is  ready  for  field  use. 

Mica  has  approximately  the  same  heat  conducting  property  as  dry 
soil.     The  horizontal  transfer  distance  of  heat  from  the  surrounding 
medium  is  short  through  the  thin  mica  plate.     The  insulating  property 
of  the  mica  sheet  prevents  excessive  vertical  heat  transfer,  which  occurs 
if  the  plate  is  glass  or  metal.    The  thermal  conductivity  of  asbestos  is 
low,  so  it  does  not  affect  the  temperature  penetration  being  recorded 
on  the  mica  face.    The  cellulose  filler  in  the  asbestos  paper  chars  to 


1/  Tempilaq0 — a  product  of  Tempil  Corporation. 
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Asbestos  sheet 
folds  against 
fusible  chemical 
strips  when 
installed  in  soil 


Mica  plate- 


Fusible  chemical 
strips  painted  on 
inside  face  of 
mica  plate  


Staple  holding 
mica  and 
asbestos 
together 


Melting  temperature  -  Fc 
of  each  strip 


Figure  1, — Fusion  pyrometer, 
showing  how  strips  of  fusible 
chemical  are  located  on  mica 
plate. 


PLANTING 
WEDGE 


MARKER 
STAKES 


Figure  2. — Planting  wedge  necessary  for  installing  the  plate  in  the 
field,  and  marker  stakes  used  to  locate  the  plate  after  the  fire. 
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provide  an  additional  indication  of  temperature  duration  and  intensity. 
The  charring  process  is  a  measure  of  "heat-work"  and  the  degree  of  charring 
is  thus  analogous  to  the  time- temperature  indicating  properties  of 
pyrometric  cones. 

FIELD  INSTALLATION  AND  RECOVER! 

Heat  from  the  burning  fuel  enters  the  surface  of  the  soil  during 
the  fire.    As  the  source  of  heat  is  from  above,  the  temperature  will 
normally  decrease  with  depth.    Temperatures  range  from  1,200°  F.  in  the 
flames  at  the  surface  to  the  ambient  soil  temperature  somewhere  in  the 
soil.     It  is  this  temperature  gradient  which  is  shown  by  the  temperature- 
depth  curve  obtained  with  the  pyrometer. 

Since  the  pyrometer  plate  provides  temperature  measurements  at 
a  particular  point,  locating  the  pyrometer  stations  to  sample  field 
conditions  is  important.    A  system  of  stratified  sampling  was  used. 
Random  or  systematic  sampling  might  be  more  useful  under  certain  con- 
ditions.    Adequate  observational  records  should  be  taken  at  the  pyro- 
meter locations  so  that  the  pre-fire  conditions  may  be  considered  in 
later  analyses.    Records  of  the  fuel  and  air  conditions  at  the  time  of 
the  burn  are  also  important. 

Installation  of  the  pyrometer  plate  is  simplified  with  the  aid  of 
a  split-wedge  planting  tool  (fig.  2)  which  minimizes  disturbance  of  the 
fuel  and  soil  profile.    The  wedge  is  made  from  two  pieces  of  sheet  iron, 
3  by  5  by  1/16  inches.     The  lower  edge  of  each  piece  is  sharpened  so 
that  when  they  are  placed  together,  a  thin  wedge  is  formed.    These  edges 
must  be  sharpened  regularly  in  the  field.    A  separator  "sheet  is  sharpened 
so  that  it  may  be  driven  between  the  halves  of  the  wedge. 

The  following  technique  has  proved  satisfactory  for  planting  the 
pyrometer  with  minimum  soil  disturbance.    The  halves  of  the  wedge  are 
held  together  and  a  sawing  action  is  used  to  cut  through  the  litter  and 
mulch  until  the  wedge  is  in  mineral  soil.    The  wedge  is  driven  deep 
enough  so  that  the  pyrometer  may  be  planted  to  the  desired  depth.  The 
separator  is  driven  between  the  halves  of  the  wedge  and  withdrawn.  A 
corner  of  the  separator  may  be  used  to  hold  the  halves  of  the  wedge 
apart  as  it  is  planted.     The  pyrometer  is  then  dropped  into  the  slot 
with  the  mica  plate  facing  towards  the  operator. 

The  pyrometer  plate  is  held  in  place  with  the  separator  while  the 
front  half  of  the  planting  wedge  is  withdrawn.     The  back  half  of  the 
wedge  should  be  used  to  force  the  pyrometer  plate  against  the  soil  pro- 
file as  the  front  half  is  withdrawn.    When  the  front  half  has  been  fully 
withdrawn,  the  back  half  is  withdrawn,  using  care  not  to  pull  the 
pyrometer  plate  up  with  it. 
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The  wedge  is  then  driven  into  the  soil  2  or  3  inches  behind  the 
pyrometer  to  force  the  slot  closed  tightly  around  the  pyrometer.  If 
the  top  of  the  litter  layer  does  not  correspond  with  the  top  of  the 
pyrometer,  it  should  be  indicated  by  a  mark  on  the  pyrometer.  Metal 
marking  stakes  should  be  placed  on  each  side  of  the  pyrometer  plate 
and  in  line  with  it  to  facilitate  location  after  the  fire. 

After  the  burn,  the  pyrometer  is  relocated  and  excavated  from 
the  soil.    Excavation  is  carried  out  on  the  mica  side  of  the  pyro- 
meter plate.    A  spatula  and  small  brush  are  useful  in  this  operation. 
As  successive  layers  of  .ash,  litter,  and  soil  are  removed,  the  lines 
of  demarcation  between  the  layers  are  recorded  in  ink  on  the  mica  face 
of  the  pyrometer.    Recognizable  strata  will  vary  with  soil  types  and 
fuel  conditions.    The  mineral  soil  level  is  the  most  constant  reference 
level  to  use.     The  dividing  line  between  humus  and  mineral  soil  may 
range  from  sharp  to  indefinite,  depending  on  the  soil  type  and  fire 
intensity. 

After  the  front  of  the  mica  plate  is  fully  excavated,  the 
pyrometer  is  withdrawn  from  the  seedbed,  exposing  the  asbestos  side. 
This  side  indicates  the  intensity  of  charring.     The  depth  of  char  is 
revealed  even  when  decomposed  organic  matter,  or  the  complete  absence 
of  organic  matter  in  the  soil,  obscures  the  charring  effect.  The 
shading  from  light  to  dark  char  and  the  area  covered  by  each  are 
difficult  to  describe,  but  one  who  uses  the  instrument  soon  finds  it 
a  most  useful  indicator  of  temperature  and  duration.    A  similar 
technique  is  described  in  most  cookbooks,  by  which  oven  temperature 
can  be  estimated  rather  accurately  without  a  thermometer  from  the 
degree  of  charring  of  flour  or  paper.    Additional  investigations  are 
needed  to  make  full  use  of  the  char  indicator  on  the  asbestos  sheet. 

Information  from  the  temperature  curve  on  the  mica  side  and 
the  intensity  of  char  on  the  asbestos  side  are  immediately  available 
in  the  field  as  an  aid  in  the  recording  of  post-fire  conditions. 
Extreme  non-conformity  of  either  may  lead  to  the  discovery  of  some 
extraordinary  conditions  which  would  not  be  noticed  otherwise. 

KINDS  OF  RECORDS 

In  the  office  the  mica  plate  and  the  asbestos  sheet  are 
separated  for  detailed  analysis.     The  plate  is  best  examined  against 
a  black  background  under  reflected  light.    A  10X  hand  lense  is  useful 
in  recognizing  melt  points.    A  short  inked  line  may  be  placed  on  the 
mica  at  the  melt  point  of  each  strip  to  facilitate  measuring,  and  for 
checking  at  a  later  date. 

The  mica  plate  then  clearly  shows  the  shape  of  the  temperature- 
depth  curve.     Depth  of  each  specific  temperature  front  below  or  above 
a  reference  line  can  be  measured.     Mineral  soil  surface  is  the  best 
reference  line.     Other  measurements  also  may  be  used  to  correlate 
different  factors  with  intensity  of  the  fire. 
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Records  from  the  various  pyrometer  stations  can  be  combined  and 
plotted  to  provide  average  or  characteristic  curves  for  particular 
conditions.    We  found  that  pre-fire  fuel  stratification  resulted  in  a 
characteristic  curve  for  each  class. 

Each  mica  plate  is  a  direct,  permanent  record  of  the  thermal 
input  at  a  particular  location.    The  input  from  radiation,  convection, 
and  conduction  heated  the  surface  soil  and  the  energy  was  transferred 
downward,  largely  by  conduction.    As  surface  input  diminished  the  various 
temperature  fronts  continued  to  penetrate  into  the  soil  until  the  energy 
was  dissipated.    Depth  of  each  iso-thermal  line  is  shown  by  the  melting 
depth  of  a  specific  chemical  compound. 

SUMMARY 

A  simple,  inexpensive  pyrometer  has  been  developed  for  use  in 
gathering  temperature  data  from  the  upper  soil  during  wildland  fires. 
The  pyrometer  employs  fusible  compounds  painted  or  printed  on  a  thin 
mica  plate  backed  with  asbestos.     The  plate  is  buried  vertically  in  the 
soil  with  the  aid  of  a  special  split-wedge  planting  tool.     The  pyrometer 
automatically  records  the  depth  of  penetration  of  selected  temperature 
fronts  into  the  soil  during  the  fire.    Temperature  fronts  from  l£0°  F. 
to  1,150°  F.  have  been  recorded.    The  depth-temperature  curve  can  be 
observed  in  the  field  at  the  time  the  pyrometer  is  removed. 

The  pyrometer  can  be  filed  as  a  permanent  record  and  is  a  source 
of  basic  data  from  which  several  types  of  heat  measurements  may  be 
taken.    The  records  can  supplement  those  taken  by  thermocouples  or 
thermometers . 
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